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Objective. Initial reports have shown percutaneous sonographically guided needle tenotomy without
corticosteroid injection to be effective for the treatment of tennis elbow. The purpose of this study was
to determine the effectiveness of this procedure with various tendons throughout the body. Methods.
Fourteen tendons in 13 patients were identified as having a greater than 6-month history of clinical
presentation consistent with tendinopathy that had failed treatment with physical therapy. All patients
were treated with sonographically guided percutaneous tenotomy using a 22-gauge needle and a local
anesthetic. A visual analog scale (VAS) pain score measurement was obtained before the procedure
and at 4- and 12-week follow-up appointments. All complications were recorded. Results. The 14 ten-
dons in this study included patellar (5), Achilles (4), proximal gluteus medius (1), proximal iliotibial tract
(1), proximal hamstring (1), common extensor elbow (1), and proximal rectus femoris (1). The com-
posite VAS score was significantly lower at both 4 weeks (mean ± SEM, 2.4 ± 0.7) and 12 weeks (2.2
± 0.7) compared with the baseline (5.8 ± 0.6; P < .001). No complications or morbidity occurred.
Conclusions. Sonographically guided percutaneous tenotomy of tendinosis was effective in improving
patient symptoms without complications. Further investigation with additional patients and compar-
isons to alternative treatments is needed to validate these preliminary results. Key words: sonograph-
ic guidance; tendinopathy; tendinosis; tenotomy; treatment.
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Abbreviations
VAS, visual analog scale hronic tendon injuries resulting in tendinosis
(or tendinopathy) are common problems
encountered in musculoskeletal medicine.
Conventional nonsurgical treatment options
typically recommended include relative rest, cryothera-
py, nonsteroidal anti-inflammatory medications, physi-
cal therapy (stretching, eccentric strengthening, and
modalities), and biomechanical devices (braces and
orthoses).1 Surgical intervention has been reported as an
additional treatment option in those cases in which con-
servative treatment has failed.2–5 Reported surgical suc-
cess rates have been variable,2,3,5 with undesirable
complication rates6 and prolonged recovery.7,8
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In an effort to shorten recovery and reduce
morbidity, less invasive approaches to the treat-
ment of chronic tendon injuries have been stud-
ied and shown to be effective. Early studies have
described a minimally invasive longitudinal teno-
tomy procedure using a scalpel blade and sono-
graphic guidance for the treatment of chronic
Achilles and patellar tendinopathy, showing
decreased morbidity and outcomes comparable
with those of more extensive “open” proce-
dures.9,10 More recently, there has been investiga-
tion into novel treatments such as sonographically
guided extracorporeal shock wave therapy11–13
and radio frequency–based microtenotomy.14
McShane et al15 have published their results of
sonographically guided needle tenotomy with
corticosteroid injection for treatment of common
extensor tendinosis with promising results.
Although similar effectiveness has been shown
with sonographically guided tenotomy without
corticosteroid injection in the elbow, to our
knowledge, there are no similar studies assessing
effectiveness in other tendons.16
We have incorporated the use of sonographic
guidance in the treatment of recalcitrant tendon
injuries but have avoided the administration of
corticosteroids, fearing potential deleterious
effects.17,18 The purpose of this study was to eval-
uate the safety and short-term effectiveness of
sonographically guided needle tenotomy in the
treatment of tendinosis. 
Materials and Methods
Institutional Review Board approval was obtained.
Patients were selected over an 18-month period
from an outpatient university-based sports
medicine clinic. Patients were included if the his-
tory and physical examination were consistent
with a chronic tendon injury, followed by a
sonographic examination identifying tendi-
nosis. In most cases, additional imaging (eg,
magnetic resonance imaging) was performed to
exclude other diagnoses. Exclusion criteria were
patients younger than 18 years, duration of
symptoms less than 6 months, and patients with
normal sonographic results. All patients had
failed to respond to conservative treatment,
including relative rest, pain medication, physical
therapy emphasizing eccentric strengthening,
braces, and, in 4 cases, “blind” corticosteroid
injections without imaging guidance. All prior
corticosteroid injections were at least 6 months
before sonographically guided tenotomy.
Informed consent was obtained from each
patient before his or her entrance into the study.
Each patient completed a questionnaire obtain-
ing demographic data, the duration of symp-
toms, prior treatment, and a pain measurement
using a visual analog scale (VAS).19
Sonographic examination for confirmation of
diagnosis and for needle guidance was per-
formed by one of the authors (J.A.J.), a fellowship-
trained musculoskeletal radiologist with 12 years
of experience, using 7- to 15-MHz linear trans-
ducers (HDI 5000; Philips Healthcare, Bothell,
WA). Liberal transmission gel was used in place
of a standoff pad. A tendon was considered
abnormal if the normal hyperechoic fibrillar
echo texture was replaced with an abnormal
hypoechoic or anechoic area.20 In addition, the
abnormal tendon location was correlated with
symptoms induced by direct transducer pressure.
Soft tissue calcification or ossification was identi-
fied by its focal hyperechoic surface and variable
posterior acoustic shadowing. Cortical irregulari-
ty was identified by its irregular echogenic con-
tour. A correlation was made to color and power
Doppler images when available. Using a sterile
technique with a sterile probe cover, real-time
sonographic guidance was provided for the per-
cutaneous needling procedure.
For the tenotomy procedure, the needling was
performed by a fellowship-trained sports
medicine physician in conjunction with the fel-
lowship-trained musculoskeletal radiologist who
provided sonographic guidance; the use of 2
operators allowed continual sonographic guid-
ance with accurate and precise needle place-
ment. A sterile field was set up and maintained
throughout the procedure. A 27-gauge needle
(Becton Dickinson and Company, Franklin Lakes,
NJ) was first used to anesthetize the skin with a 1:1
mixture of 1% lidocaine to 0.25% bupivacaine.
The syringe was then switched over to a 22-gauge
needle (Becton Dickinson and Company) to per-
form the tenotomy of the abnormal tendon.
Approximately 20 to 30 needle passes were made
through the abnormal region of the tendon with
real-time sonographic imaging for continual
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guidance. If the tendon abnormality included
the bone-tendon interface, this area was specifi-
cally targeted as well. The procedure was deter-
mined to be complete when the needle had been
passed through all abnormal regions of the ten-
don (and enthesis) at least once. In each case, the
needle was advanced along the long axis of the
transducer only when it was visualized sono-
graphically to ensure accurate needle place-
ment. In 1 case, a 3.5-in, 22-gauge spinal needle
(Becton Dickinson and Company) was used to
reach the origin of the rectus femoris at an
approximate depth of 7 to 8 cm. During each
procedure, approximately 3 to 6 mL of the lido-
caine-bupivacaine mixture was injected into the
tendon to maintain anesthesia. If calcifications
were identified on sonography, these areas were
targeted with the same 22-gauge needle to dis-
rupt the calcifications.
The postprocedure protocol consisted of rela-
tive rest until the first follow-up appointment in 4
weeks. Patients were allowed to continue usual
activities of daily living during that period regard-
less of an upper versus a lower extremity tenoto-
my site. A gradual return to activities was then
discussed at the 4-week follow-up appointment.
Physical therapy was not prescribed for the
patients in this study after the procedure. All
patients were evaluated at 4 weeks and all but 1
patient at 12 weeks after the procedure by a fel-
lowship-trained sports medicine physician who
recorded their VAS scores and any complications.
Differences in the VAS pain scores between
periods were assessed with a 1-way analysis of
variance model. The type I probability was con-
trolled at the P < .05 level. Pair-wise comparisons
were assessed by the Tukey honestly significant
difference post hoc test. The analysis was per-
formed with Systat version 11 (Systat Software,
Inc, Richmond, CA).
Results
A total of 14 tendons in 13 patients (9 male and 4
female) were entered into the study, with an
average patient age of 38.5 years (range, 18–52
years). The average duration of symptoms was 53
months (range, 6–240 months). The specific ten-
dons treated (with the total number in parenthe-
ses) were as follows: patellar (5; Figure 1), Achilles
(4), proximal gluteus medius (1; Figure 2), proxi-
mal iliotibial tract (1), proximal hamstring (1),
common extensor elbow (1), and proximal rec-
tus femoris (1). With regard to the Achilles ten-
don, the areas of abnormality were proximal in 2
and distal at the calcaneus insertion in 2.
No complications were noted during the pro-
cedure, or at the 4- and 12-week follow-up visits.
Immediately after the procedure, there was the
expected occurrence of minimal bleeding at the
needle site. Bleeding was easily controlled with
an adhesive bandage.
The mean pain rating scores ± SEM at the base-
line and 4 and 12 weeks were 5.8 ± 0.6, 2.4 ± 0.7,
and 2.2 ± 0.7, respectively. We found a statistical-
ly significant difference (P < .001) between mean
pain scores at the baseline compared with both 4
and 12 weeks after treatment (Figure 3) No dif-
ferences were observed between the 4- and 12-
week posttreatment data. 
Discussion
The results of this study of selected patients with
chronic tendinopathy showed that sonographi-
cally guided tenotomy had no complications
and resulted in a statistically significant reduc-
tion in mean pain scores 4 weeks after the proce-
dure. The pain reduction was maintained at the
12-week follow-up.
The concept of treating chronic tendon injuries
with needling has a history in veterinary
medicine by the descriptive term “pin-firing,” a
technique in which veterinarians used a firing
iron to create a pattern of soft tissue burns in an
attempt to change a chronic tendon injury into
an acute inflammatory state (G. O’Connor, MD,
oral communication, 2002). This is obviously a
cruel method of treatment, which has been
banned and (it is hoped) is no longer used.
However, the idea of deliberately changing a
chronic, nonhealing injury (such as occurs in
tendinosis) into an acute condition that may
have greater healing potential is intriguing and
provided the impetus for this and other studies.
It is thought by some that the common denom-
inator of tenotomy and needle injections is the
disruption of tendinosis or scar tissue and the
induction of bleeding, which in turn releases cer-
tain growth factors (those identified11,21 and
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those yet unidentified) that stimulate a healing
response. This is consistent with a study by Taylor
et al22 that showed increased strength of rabbit
patellar tendons at 12 weeks after injection of
autologous blood, a rich source of growth factors.
Sonographically guided percutaneous tenotomy
can target an abnormal tendon, including its
bony attachment if needed.
The use of corticosteroid injections to treat
tendinosis is debated. A recent study showed that
percutaneous tenotomy with steroid injection
was more effective than both percutaneous teno-
tomy with a local anesthetic and steroid injection
alone; however, that study did not use sono-
graphic guidance and only assessed the lateral
epicondyle region of the elbow.23 Sonographic
guidance provides pinpoint accuracy with per-
cutaneous injections. An additional study using
sonographic guidance showed that cortico -
steroids were not required for treatment of tennis
elbow during percutaneous tenotomy.16 This is
not unexpected given that clinical “tendinitis”
has been shown to actually represent mucoid
degeneration from repetitive microtrauma with a
possible interstitial tendon tear rather than an
acute inflammatory condition.16,24 In addition,
because the positive effects of tenotomy are
attributed to inciting a local inflammatory
response, it is possible that corticosteroids may
actually inhibit this process, and in fact, injection
of corticosteroids is less effective when used long
term.16
Although there is evidence that needling of
tendinosis alone has a potential benefit, there are
a number of injection therapies that are current-
ly being investigated, which include prolothera-
py, polidocanol, autologous whole blood, and
platelet-rich plasma injections.25 Prolotherapy
most commonly involves injection of hyperos-
molar dextrose and morrhuate sodium, although
the effects of the injection, whether inducing
inflammation or causing sclerosis, are not clear.
Polidocanol is a sclerosing agent that has been
used to target neovascularity of tendinopathy
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Figure 1. Images from a 36-year-old man with proximal patellar tendinosis and VAS scores of 6 (before the procedure), 1 (at 4 weeks),
and 1 (at 12 weeks). A, Sonogram longitudinal to the proximal patellar tendon showing tendinosis as abnormal hypoechogenicity
(arrows) with a normal distal patellar tendon (arrowheads). B, Sonogram transverse to the proximal patellar tendon showing abnor-
mal hypoechogenicity (arrows) within the patellar tendon (arrowheads). C, Power Doppler sonogram in the sagittal plane showing
increased flow. D, Sonogram longitudinal to the patellar tendon during tenotomy showing the echogenic 22-gauge needle (arrows)
with the distal tip in the area of tendinosis. F indicates femur; and P, patella.
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and has been used for the treatment of Achilles
tendinopathy,26 patellar tendinopathy,27 and
“tennis elbow,”28 although in the study with
tennis elbow, there was no significant outcome
difference in those injected with polidocanol and
those injected with lidocaine and epinephrine.28
Both autologous whole blood and platelet-rich
plasma are injected into areas of tendinopathy
with the goal of inducing healing via cellular and
humoral mediators.25 It is possible that percuta-
neous tenotomy without injection also pro-
duces healing via the same mechanism. Further
studies comparing these various injection ther-
apies to percutaneous needle tenotomy alone
are needed.
The use of sonographic guidance in the treat-
ment of musculoskeletal injuries is steadily
gaining exposure in the literature.9,10,26–30
Musculoskeletal sonography offers dynamic
and real-time tendon imaging,20 with essen-
tially no harmful effects to the patient. From a
procedural standpoint, sonography is helpful
both to diagnose the precise location of ten-
don abnormalities29 and to provide continual
guidance regarding the needle location.31
We recognize that there were several limita-
tions to this study. The study population was a
relatively inhomogeneous group of patients
because we wanted to report our experience
with multiple tendons. In addition, previous
clinical treatments were not standardized,
although that parallels routine clinical practice.
As another limitation, we did not compare our
patients to a control group; the patients and
investigators were not blinded; and results
were obtained over a relatively short follow-up
period. Last, sonographic follow-up was not
performed, although on the basis of the work
of Coleman et al2 and Khan et al,7 that would be
of questionable benefit given the added
expense and patient inconvenience. Thus, the
results should be viewed in the context of these
limitations.
The results of this study show that sono-
graphically guided percutaneous needle teno-
tomy without corticosteroid injection is effective
in reducing pain in patients with chronic
tendinopathy without complications. Further
investigation into the clinical utility of this proce-
dure in a larger patient population with compar-
ison to other treatment options for chronic
tendinopathy is warranted. 
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Figure 2. Images from a 39-year-old man with proximal gluteus
medius tendinosis and VAS scores of 6 (before the procedure), 0
(at 4 weeks), and 0 (at 12 weeks). A, Sonogram longitudinal to
the proximal gluteus medius showing hypoechoic swelling
(arrows) of the gluteus medius (Gmed) and overlying gluteal
aponeurosis (arrowhead). B, Sonogram longitudinal to the glu-
teus medius during tenotomy showing the echogenic 22-gauge
needle (arrows) with the distal tip in the area of tendinosis. I indi-
cates ilium.
Figure 3. Change in the mean VAS score over time.
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